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Technigues have been developed enegbling the measurement of the surface diffusivef
flux of one materisl on the surface of a chemically different material. These
techniques involve the use of an Auger electron spectrometer system both to forr:
an initial surface composition profile, and to measure the evolution of this

‘profile with time. These techniques have been applied to a study of the surface
diffusion of carbon oa a Pt(11l) surface.

e W Nk
e el ot v s

AN

AT A

FORM N A
DD (5an 73 1473  E0iTiON OF 1 NOV 6515 0BSQLETE .

unclassified
SECURITY-CLASSIFICATION OF THIS

B it b




ol

i b 1 Wl ) St ) )

STATEMENT OF THE. PROBLEM

The phenomenon of surface diffusion pleys a role in determining

the overall rate of a number of processes, including stress corrosion cracking,
the early stages of gas-phase corrosion, thin filmn formation and heterogeneous
catalysis. In spite of this, virtually no systezatic studies have been made

of the rate of surface migration of one chemical species over the surface of a

okt

material of different chemical ccaposition. This is due pricarily to the

difficulties involved in avoiding contamination of the surface under study,

sl it s 2

and to the difficulty of measuring surface concentration profiles:-over short

¢ ot

‘distances and at low surface concentrations of diffusant. The problen
attacked in the present work was that of developing techniques to measure
this surface diffusion rate under conditions that would insure valid,

reproducible results and of applying these techniques to determine surface

diffusion rates in systems of practical and scientific interest.
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SUMMARY OF_RESULTS

,
gl

1. A more-or-less standard ultrahigh vacuun systenm, containing a
cylindrical mirror electron energy analyser (CMA) for the conduct of surface

studies by Auger electron spectrometry (AES), vas modified to permit the

o

measurement of surface diffusivities. This modification consisted of the

construction of a sample mounting and manipulating assermbly which permitted -

the mounting of a.metsl ribbon semple so that it could dhe reproducibly
heated to a given temperature over the range from room temperature to 1500°C,

and so that it could be reproducibly positicned relative to the CGIA te

FRpRpiR—

within 0.001 in. A system for admitting controlled pressures of a variety
of gases to the system was also constructed and. used.
2. A procedure was davelcped for reproducibly cleening & single

crystel Pt(111) surface in this system, The procedure involved exposure o




‘the swrface to gaseocus 32 ‘8t a pressurs of IQ°6torr, at & surface temperatwre
of 1200°C for & few minutes. After this treetzment, AEC spectra showed rno
cbservable peeks other tken the<e atiributable %o platimm.

3. A procedure was developed for producing a uniform spot of
carbon on this surface, having a dismeter of approxirately 0.5 mm, and of
=onatozic thickness. This procedure involved exposure of the cleened surface
to gasecus 09 at a pressure of 10-6?.0:-:, concurrent %o 2xposure of a spot on
the surface to an electron bear of 50 i axps, 2500 V. The beax induced
decozposition of adsorbed CO to forn the carbon spot. (0 was rexoved fron
the rest of the surfece by heeting the sample briefly to 800°C. Measurewment
of the profile of this spot, made by noving the sample relative to the C¥A,
vhile monitoring the carbon AES pesk, indicated that the spot wes circuler
and roughly 0.5 =m in dismeter.

L, The rate of surfece diffusion of carbon cn Pt(111) wes
rmeasured by observing the decrease in carbon AES intensity with tipe, while
the sample was held at a temperature between TC0°C and 800°C. Plots of the
relative AES signel versus tine yielded the surface diffusion ccefficient.

5. Measured surface diffusion coefficients in the temperature

6

range froz T80 to 800°C renged from 3 x 19'7 to 1 x 10° cnialsec. Scatter
in the results was too great to permit czlculation of the heat of diffusion.

It is hoped thet further work can reduce this scatter,

PUBLICATIOHS AHD REPORTS

In addition to this Final Report, the results of this study heve
been reported in the following publications and reports:

1. "Chemical Diffusion on Surfaces", by John B, Hudson,

Progress Report f1 to ARO/D, September 30, 197k,
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2. '"Chemical Diffusion on Surfaces", by John B. Hudson, a report
presented nt the ARPA Materials Division Symposium on Surfaces
and Interfaces, University of Pennsyivania, December 11-12, 197k,
and published in the proceedings of that symposium.

3. "The Surface Diffusion of Carbon on Pt(111)", by M, T. Martin,
an 4.S. thesis to be presented to the Materials Engineering
Department, Rensselaer Polytechnic Institute (in preparation).

L. "The Surface Diffusion of Carbon on Pt(111)", by M. T. Martin

end John B. Hudson, to be submitted to Surface Science.
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